S chool-based health centers (SBHCs) provide health services to students at centers in pre-kindergarten through grade 12 schools or at offsite health facilities linked to schools. There are more than 2,300 SBHCs in the U.S. at present. 1 According to a 2010-2011 census of SBHCs, many are located in Western states such as California and Oregon; Northeastern states such as New York, Maryland, Connecticut, and Massachusetts; a few states in the South such as Florida, Texas, and Louisiana; and in some Midwestern states such as Michigan and Illinois. About 83% of the SBHCs serve at least one grade of adolescents (grade 6 or higher). 2 Most are targeted to students in low-income communities. Services provided by SBHCs in the U.S. include comprehensive physical and mental health assessments (97%); vision, hearing, and other screening services (93%); and immunizations (85%). In addition, a majority of SBHCs provide pregnancy testing (81%), contraceptive counseling (70%), and follow-up services for contraceptive users (59%). 3 Since 2008, 340 new centers have been recognized in the School-Based Health Alliance census.
The Affordable Care Act provided $200 million in funding from 2010 to 2013 to improve delivery and support expansion of services at SBHCs. 4 Conceptually, SBHCs can improve children's and adolescents' health status, and reduce healthcare disparities across groups. SBHCs can meet students' physical health and mental health needs, which may not be addressed by a complex and fragmented healthcare system. 5 SBHCs provide students easier access to health services; this reduces time missed at school and helps parents to avoid losing work time and spending extra time to transport their children to and from healthcare facilities. In addition, SBHCs provide services to students from diverse racial and socioeconomic backgrounds, particularly underinsured/uninsured individuals who may face challenges in accessing primary health care.
In October 2014, the Community Preventive Services Task Force recommended the implementation and maintenance of SBHCs in low-income communities, based on sufficient evidence of effectiveness in improving educational and health outcomes. Improved educational outcomes include school performance, grade promotion, and high school completion. Improved health outcomes include the delivery of vaccinations and other recommended preventive services, asthma morbidity, emergency department (ED) and hospital admissions, female contraceptive use, prenatal care and birth weight, and other health risk behaviors (www.thecommunityguide. org/healthequity/education/schoolbasedhealthcenters. html).
Because SBHCs are effective in addressing the aforementioned issues, the economic benefits of implementing SBHCs could be substantial. First, there can be considerable net savings to healthcare payers and society because of reductions in ED use. The overuse of EDs, either for non-emergency purposes or as a result of delayed treatment, can place a huge burden on society. 6 In particular, Medicaid patients tend to use EDs frequently because of the difficulty in seeing regular healthcare providers. 7 The establishment of SBHCs can reduce Medicaid expenditure on avoidable ED use. Second, SBHCs can reduce costs of asthma-associated ED use and hospitalization by providing timely and effective care to students with asthma (asthma prevalence for children aged o18 years was 9.5% 8 in 2010). Third, SBHCs can help in avoiding losses related to missed school time (or missed work time for their parents) and saving transportation expenses of the parents. Fourth, reproductive services provided by SBHCs can lead to savings to students, healthcare payers, and society by reducing unintended teen pregnancy.
Given the effectiveness and potential benefits of SBHCs, systematic assessment of their cost and benefit is important to examine the economic merits and evaluate the feasibility of implementing this intervention. The objective of this study was to conduct a systematic review of the economic evaluation of SBHCs.
Evidence Acquisition
For the purpose of this review, SBHCs were defined as clinics that provide health services to students in pre-kindergarten through grade 12 and may be offered onsite (i.e., school-based centers) or offsite (i.e., school-linked centers). 9 SBHCs are often established in schools that serve predominantly low-income communities and have the following characteristics:
SBHCs must provide primary health care and may also include mental health care, social services, dentistry, and health education. Primary care services may be provided by a single clinician, or comprehensive services may be provided by multidisciplinary teams. Services may be available only during some school days or hours, and may also be available in non-school hours. Student participation requires parental consent, and services provided for individual students may be limited for specific types of care, such as reproductive or mental health. Services may be provided to school staff, student family members, and others within the surrounding community. Services are often provided by a medical center or provider independent of the school system. General methods for Community Guide systematic economic reviews are available at www.thecommunityguide.org/about/eco nomics.html. The inclusion criteria for this review followed the standard adopted by the Community Guide for economic evaluation studies.
Studies were included for screening if they met the intervention definition and: provided cost or benefit information; were primary studies; were conducted in high-income countries as defined by the World Bank 10 ; and were written in English.
Multiple databases were used for the systematic search, including PubMed, EconLit, ERIC, JSTOR, Social Sciences Citation Index, databases at the Centre for Reviews & Dissemination at the University of York, and Google Scholar. The search period was January 1985 to September 2014. To identify relevant studies, economic keywords were used in the search strategy (Appendix Table 1 , available online), in addition to subject keywords and terms searched in the effectiveness review. 9 To ensure comparability of the studies, costs and expenditures were adjusted to 2013 U.S. dollars using the Consumer Price Index from the Bureau of Labor Statistics. 11 Once the intervention cost and benefit were comparable among studies, major contributors to variations in cost and benefit were identified. When data were available, estimates per SBHC user or per SBHC visit were calculated by dividing cost or benefit by the total number of SBHC users or visits. Finally, economic evidence was summarized to evaluate the benefit of SBHC with respect to intervention costs. Evidence gaps in the studies were also listed.
Evidence Synthesis
Search Results A total of 6,958 papers were found in the initial literature search, of which 6,824 were excluded after the first round of screening titles and abstracts. Another 115 papers were excluded after the second round of full-text screening. In full-text screening, a paper on cost was excluded if it did not provide a reliable source of cost information. On the benefit side, a paper was excluded if it did not explicitly mention any of the benefit components. In addition, a paper was excluded if it mentioned SBHC, but actually focused on other programs, such as asthma management (because the cost would be the asthma management program cost instead of SBHC cost). The final screening yielded 19 articles from the database search. Two additional papers were recommended by the effectiveness review team members, 9 which resulted in 21 included studies 3,12-31 ( Figure 1 ). All included papers for this review described SBHC as a single intervention, with the perspectives of the studies implicitly specified. All cost papers provided data source information, and the cost was either based on actual operating cost, or estimated using proxies such as operating budget, grant funding, or operating revenues. Further, all benefit papers mentioned at least one benefit component, such as averted ED use, hospital stay, drug, pregnancy, productivity loss, missed school time, and private clinic time. Details of the included studies are available at www.thecommunity guide.org/healthequity/education/schoolbasedhealthcen ters.html. Analyses were conducted in 2014. were peer-reviewed journal articles. The non-journal articles 12, 14, 22, 26, 30 were mainly reports of the cost or benefit of SBHC. All studies were from the U.S., with four studies 3, 14, 24, 25 Three studies 14, 21, 22 provided both cost and benefit information.
Characteristics of the Studies

Perspectives of the Studies
Benefit studies can take different perspectives. In general, studies from the societal perspective evaluate "the impact of an intervention on the welfare of the whole of society, not just the individuals or organizations directly involved." 32 By contrast, studies from other perspectives only evaluate the impact of the intervention on the welfare of specific individuals or organizations, such as health care payers, schools, or patients. Of the nine benefit studies, [12] [13] [14] [20] [21] [22] 26, 28, 30 three studies 14, 21, 22 took the societal perspective, four studies 13, 20, 21, 26 took the Medicaid (healthcare payers') perspective, two studies 12,28 took the patients' perspective, and another study 30 provided information on savings to taxpayers. One study 21 examined results from both societal and Medicaid perspectives.
Intervention Cost
The SBHC intervention costs had two main components: start-up cost (one-time, fixed costs associated with setting up a business) and operating cost (annual cost incurred on a continuous process). Table 1 provides detailed information on cost estimates from each study.
Only two studies 22, 25 provided estimates of start-up costs. The first study 22 presented start-up costs for the SBHCs in western and central New York State, including the cost of renovating or constructing the school space, the purchase of initial office and medical equipment, and staff salaries in the initial implementation phase: These start-up costs ranged from $216,402 to $378,704 per SBHC. The second study 25 discussed the start-up cost of 42 SBHCs in Oregon, and found costs ranged from $41,450 to $195,324 per SBHC. The minimum of the range was associated with SBHCs that used renovated space at the school, and the maximum was associated with SBHCs that built a medical modular unit on campus.
Fourteen studies 3, [14] [15] [16] [17] [18] [19] 21, [23] [24] [25] 27, 29, 31 provided information on annual SBHC operating costs, including recurring costs of additional medical equipment and services and non-medical costs, such as salaries and benefits and utilities. Five studies used actual operating costs 15, 21, 24, 25, 29 and nine studies 3, 14, [16] [17] [18] [19] 23, 27, 31 estimated costs from proxies, such as operating budget, grant funding, or operating revenues. Operating costs ranged from $16,322 to $659,684 per SBHC per year. Operating cost per SBHC user (two studies 15, 16 reported cost per user; five studies 14, 19, 21, 24, 25 had user information, based on which per user cost was calculated) ranged from $142.79 to $1,427.4 per year (not necessarily paid by users).
The wide range of the operating costs can be explained by several factors, including number of users served, hours of work of physicians and staff, local cost of living, nationwide versus state study, and data source. For example, Guo et al. 21 had relatively low operating cost, ranging from $118,376 to $168,700, because the pediatricians worked only 3 hours per week. Further, operating costs varied among the states. For instance, SBHC grant funding for 19 states ranged from $16,322 to $306,476 in Schlitt and colleagues. 27 Different hours of work of physicians and staff, as well as local cost of living, influenced salaries and benefits, which was considered the major operating cost driver, as it accounted for 80%-90% of the operating cost. Details on physicians and staff, as well as healthcare services provided by them, are in Appendix Table 2 (available online) .
Intervention Benefit
For purposes of this review, benefit components were categorized into two groups (benefit components of each study are listed in Appendix Table 3 , available online): healthcare costs averted (i.e., averted costs associated with hospitalization, ED, drugs, referrals, private clinic visits, and unintended pregnancy); and productivity and other loss averted (i.e., averted cost associated with productivity loss, travel cost, school time, and others such as ambulance use or improved health).
For this review, benefit studies from the societal perspective reported treatment cost averted, lost productivity averted, cost of transportation averted, and other relevant benefits. Studies from the Medicaid (healthcare payers') perspective reported (or calculated by the reviewers using relevant information in the paper) per SBHC user or per visit net savings to Medicaid, which were mainly related to treatment cost averted. Studies from the patients' (including patients' parents') perspective reported (or were calculated by the reviewers) net savings per visit in treatment cost, lost productivity and transportation, and per user net savings in raising a child because of avoided unintended pregnancy. The remaining study reported (or calculated by the reviewers) savings per visit to taxpayers. Table 2 gives the details on benefit information from different perspectives. Three studies 13, 20, 21 used actual data. Of the three, two studies 13, 20 calculated benefit using difference-in-differences, and one 21 used a prepost study design. The remaining six studies 12, 14, 22, 26, 28, 30 estimated benefits using different methods: Two studies estimated the short-run 14 and long-run 12 benefit from averted teen pregnancies, based on the cost of raising a child or the public cost of pregnancy; another two listed benefits from ED use averted 30 or asthmatic hospital inpatients admission averted 22 ; one compared the cost per visit to SBHC with that of going to a private clinic 28 ; and one 26 assumed that 50% of the ED visits were averted. From the societal perspective, total annual benefit per SBHC ranged from $15,028 to $912,878. The variation in benefit was mainly due to the major benefit driver(s), such as savings related to unintended pregnancies averted. Of note, even though Guo et al. 21 had six components, it did not include any benefit from averted ED use or unintended pregnancy. In comparison, savings related to unintended pregnancy averted in Brindis 14 were the avoided "public cost of pregnancies," which was the largest contributor to benefit in that study, accounting for >85% of the benefit. Brindis assumed that pregnancies were "avoided" instead of "delayed" as in Hoffman and Maynard. 34 Further, the one-time public cost per pregnancy in Brindis was $42,485, whereas annual societal cost in Hoffman and Maynard was $14,937 per teenage mother under age 18 for 15 years. If the method in Hoffman and Maynard was used, undiscounted long-term benefit per delayed teen pregnancy would be $224,053, higher than the one-time The minimum is the minimum cost for a center based on renovated school space; the maximum is the maximum cost for a center based on a modular unit on campus for health services. j Assuming 12 months' operation. The minimum is the mid-range cost for the basic (core) center, and the maximum is the mid-range cost for an expanded center. k No further explanation for the range was provided.
-, not reported; SBHC, school-based health centers. Note: 2013 $US. a Annual benefit was calculated by the reviewer by dividing the total benefit over 3 years by three for Guo (2010); Brindis (1993) implied that the benefit was yearly. b Calculated by the reviewer by dividing the total annual benefit by the number of users in Table 1 . The corresponding benefit per student was calculated as $355.19, $108.32, $558, and $138.86 for the four schools. c Hospital inpatient cost averted from asthmatic students only, not included in benefit-cost results. d If SBHC was the primary provider of the user, the benefit was $969.42 per person. e Assuming 50% of the ED use was avoided because of SBHC usage. f For community health center-sponsored SBHCs. For hospital-sponsored SBHCs, the saving was $165 for non-asthmatic users and $565 for asthmatic ones. g Hospitalization savings only, the saving in ED use was not significant. h Service was free to students (covered by the program as $345 per user). Savings are calculated by the reviewer by dividing the total savings by 22, because total savings were from not raising a child to age 22 years. benefit from avoided teen pregnancy in Brindis. The minimum of the range ($15,028) was the benefit calculated in Horton et al., 22 which only included inpatient cost averted in students with asthma.
From the Medicaid (healthcare payers') perspective, SBHCs led to net savings to Medicaid (i.e., the difference between total savings to Medicaid because of SBHC use and the Medicaid spending on SBHC services was positive). Among the four studies from the Medicaid perspective, three studies 13, 20, 21 used actual data to calculate the net savings, and one study 26 assumed that 50% of ED visits were avoided because of the use of SBHCs. Net savings ranged from $30 to $969 per visit (based on three studies 20, 21, 26 that provided relevant information), and $46 to $1,166 per user (based on two studies 13, 21 that provided relevant information). The variation in net Medicaid savings was large because the studies included different benefit components. Studies with more components tended to have had higher net savings. Further, studies reporting averted ED use tended to have higher savings. In addition, studies that focused on students with asthma tended to have higher net savings.
Additionally, from the Medicaid (healthcare payers') perspective, two benefit studies 13, 20 used regression analysis to show that Medicaid cost related to ED use and to hospitalization decreased with the adoption of SBHCs (details are provided in Appendix Table 4 , available online).
From the patients' (including patients' parents) perspective, SBHC use was related to per visit savings of $90 in Siegel and Krieble, 28 and to annual savings per user of $23,592 in the Contraceptive Technology Update report. 12 Siegel and Krieble concluded that students would save money using SBHCs instead of private clinics. The Contraceptive Technology Update reported, from teenage parents' perspective, the annual cost saved (because of unintended pregnancy avoided) from not raising a child until the child was aged 22 years. In Table 3 presents benefit-cost ratios from seven schools with SBHCs in two studies. 14, 21 In both studies, the societal benefit per SBHC exceeded intervention cost, with the benefit-cost ratio ranging from 1.38:1 in the first study 14 to 3.05:1 in the second study 21 for seven SBHCs. Even though the two studies were similar in terms of SBHC services and the number of users, the calculations of benefit were different. Guo and colleagues 21 calculated benefits in a relatively comprehensive way by including six benefit components, whereas Brindis 14 only included two major benefit components (ED use and unintended pregnancy). Moreover, economic benefit from averted unintended pregnancies, which included the public cost of children born to teenagers, accounted for >85% of the total benefit in Brindis.
Benefit-Cost Ratios
Summary of Findings
In summary, evidence in this review shows that the benefit of SBHCs exceeded cost. In addition, SBHCs resulted in net savings to the Medicaid program. a Benefit-cost ratio is the monetized value of economic benefit divided by the monetized value of economic cost. b Net benefit equals the difference between the monetized value of economic benefit and the monetized value of economic cost. c Calculated by the reviewer by dividing annual benefit by annual cost.
-, not reported.
Discussion
In conjunction with the findings of the concurrent systematic review on effectiveness, 9 the results of this economic review provide evidence that SBHCs are an effective and cost-beneficial setting for healthcare delivery. Operating cost ranged from $16,322 to $659,684 per SBHC per year, with per user cost ranging from $142.79 to $1,427.40 per year. Benefit studies in the economic review focused on health and healthcare-related outcomes. From the societal perspective, annual benefit per SBHC ranged from $15,028 to $912,878. From the Medicaid perspective, SBHCs led to positive net savings to Medicaid, ranging from $30 to $969 per visit, and $46 to $1,166 per user. From the patients' perspective, SBHCs saved them (and their parents') expenses on teenage pregnancy (including child-rearing) and parents' productivity loss avoided. The benefit-cost ratio of SBHCs ranged from 1.38:1 to 3.05:1.
With moderate costs, SBHCs have generated considerable savings to society, especially to the Medicaid program. Net savings were obviously seen from the ED use averted and from services provided to asthmatic users. Also, productivity loss averted was nontrivial given the convenient location of SBHCs. Additionally, other reports have credited SBHCs with providing more-sensitive care (e.g., for reproductive health and mental health) than other settings, and for improving quality of care and patients' satisfaction with and acceptability of care. Services were also provided to community members, which may complement rather than replace or duplicate those existing in the community. 9 Moreover, benefit is anticipated to extend beyond SBHC users at school, as many SBHCs offer health education and promotion activities to the entire student body, and non-users may adopt some of the promoted health behaviors (e.g., abstaining from drugs and alcohol). 35 Finally, as discussed in the effectiveness review, 9 SBHCs improve an array of educational outcomes besides health-related outcomes. They also increase adolescents' responsibility for their health and academic performance.
Limitations
From the cost side, only two studies 22, 25 reported start-up cost. This might cause the annual total cost to be underestimated. However, once the one-time start-up cost was amortized, it would be much lower than annual operating cost. Further, only five studies 14, 19, 21, 24, 25 reported the number of SBHC users, and only two studies 19, 21 provided information on the number of students, which limited the ability to estimate cost per user or per student. Thus, the calculation of cost per user or per student had many missing values. In addition, nine studies 3, 14, [16] [17] [18] [19] 23, 27, 31 used proxies, such as operating budget, grant funding, or operating revenues to estimate cost, or simply quoted from other studies. However, the range of the estimated costs was similar to the range of the actual costs in the remainder 15, 21, 24, 25, 29 of the cost studies.
From the benefit side, only three studies 13, 20, 21 used actual data. The remaining studies estimated benefits using different methods. For instance, the Massachusetts Association of SBHCs' 2012 report 26 assumed that ED use was reduced by 50%, an estimate higher than the median decrease of 15.8% identified in the systematic effectiveness review. 9 Further, only five studies 13, 20, 21, 28, 30 clearly specified the benefit time horizon. Others were somewhat ambiguous, with one study's 14 time horizon implied by the context and methodology. This can cause complications in calculating annual benefit. In addition, the perspectives of the studies were not explicitly specified by the authors. Therefore, the classification of perspectives was conducted by the reviewers. Finally, benefit studies 12, 14 concerning teenage pregnancy avoided could have calculated the benefits based on teenage pregnancies delayed, 34 which is a more reasonable way to estimate benefit accurately.
Evidence Gaps
More complete and comprehensive reporting of benefit and its components is needed, including clear reporting of the study time horizon. Additional economic assessments are needed to examine the broader range of outcomes considered in the concurrent effectiveness review. 9 Despite the effectiveness of SBHCs in improving academic performance, for example, none of the economic studies incorporated these outcomes in their benefit assessments. Further, there was no calculation of the averted missed school days, an important component of productivity loss averted for students. Economic assessments or models based on longerterm assessments of outcomes might be needed to capture the full range of benefits attributable to SBHC services.
Finally, none of the studies identified in this review provided cost-effectiveness assessments of SBHCs. Future studies should include cost-effectiveness analyses, and provide evidence on cost per quality-adjusted life year gained. Cost-effectiveness studies of overall SBHCs and focused studies of specific services (such as reproductive health) would be useful to program planners and decision makers.
